SWAGING-OPTIMIZED BASEPLATE 
FOR DISK DRIVE HEAD SUSPENSION 

Field of the Invention 
The present invention relates generally to attachment structures such as baseplates for 
disk drive head suspensions. 

Background of the Invention 
Swage baseplates are widely used in disk drives to attach head suspensions to E- 
blocks, C-blocks or other actuator arms. Examples of these attachment structures and 
associated assembly methods are disclosed in the Wang et al. U.S. Patent Application 
Publication No. 2002/0145830, and the Hanrahan et al. U.S. Patents 6,033,755 and 
6,183,841, all of which are incorporated herein by reference. 

Briefly, baseplates include a generally flat flange and a tubular boss tower extending 
from the flange. The flange is typically welded to a mounting region of the suspension. The 
boss tower is sized to fit within an opening in the actuator arm to which the suspension is to 
be mounted. During the swaging process a ball is forced through the boss tower, thereby 
forcing the outer surface of the boss tower into frictional engagement with the inner surface 
of the opening in the actuator arm. The baseplate and attached suspension are thereby 
securely fastened to the actuator arm. Unfortunately, this swaging process can result in 
deformation of the actuator arm. This actuator arm deformation can cause changes in the 
desired positional orientation of the suspension on the actuator arm, known as z-height 
variations, and changes to the desired spring characteristics of the suspension, known as 
gram changes. Z-height changes depend to some degree on suspension parameters such as 
spring rate and effective length, but by way of example, changes in the range of 0.005 - 
0.015 mm have been observed in suspensions having a 20 N/m spring rate. Also by way of 
example, gram load changes in the range of 0.1 - 0.3 gram and have been observed. These 
swaging-induced z-height variations and gram changes can detrimentally affect the 
operational performance of the suspensions. These problems have been observed to be 
especially prevalent in arms, typically at the ends of a multi-arm stack, having only one 
suspension swaged thereto. 
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There is, therefore, a continuing need for disk drive suspension structures and 
assembly methods that minimize z-height variations and gram changes. Baseplates that 
contribute to these objectives by minimizing swaging-induced deformation to actuator arms 
during the swaging process would be especially desirable. 

Summary of the Invention 
The present invention is a baseplate for swaging a disk drive head suspension to an 
actuator arm having a thickness and a neutral axis. The baseplate includes a boss tower 
having an outer diameter high point configured to be located within about ± 6% of the arm 
thickness from the neutral axis when swaged to an arm. The baseplate is optimized to 
produce relatively little actuator arm deformation during the swaging process. Gram 
changes, z-height variations and other detrimental consequences of the arm deformation are 
thereby reduced. 

Brief Description of the Drawings 

Figure 1 is an illustration of a baseplate in accordance with the present invention. 

Figure 2 is a detailed cross sectional view of the baseplate shown in Figure 1. 

Figure 3 is an exploded view of a suspension including the baseplate shown in Figure 
1 mounted, and an actuator arm in accordance with the present invention to which the 
suspension can be swaged. 

Figure 4 is a detailed cross sectional view of the swaged suspension and actuator arm 
shown in Figure 3. 

Detailed Description of the Preferred Embodiments 
Figure 1 is an illustration of a baseplate 10 that can be configured in accordance with 
the present invention to produce relatively little or minimal swaging-induced deformation in 
an actuator arm to which it is swaged. As shown, baseplate 10 includes a generally flat 
flange 12 and a tubular boss tower 14 that extends from the flange and surrounds a swaging 
hole 16. Baseplates such as 10 are typically manufactured from stainless steel by stamping 
processes, although other materials and manufacturing methods can also be used. 
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Figure 2 is a cross sectional illustration of the baseplate 10 with the boss tower 14 
shown in greater detail. As shown, the tower 14 includes a neck 18 and generally increases 
in cross sectional dimension (into the hole 16) with increasing distance from the flange 12. 
The tower 14 has a width NW at the neck 18. The cross sectional dimension of the tower 
increases at a stamping angle SA. In the illustrated embodiment the angled surface 19 of the 
tower 14 intersects neck 18 at the level of flange 12. In other embodiments (not shown) the 
surface 19 of the tower 14 intersects neck 18 at levels above and below the surface of the 
flange 12. The end of the tower 14 opposite the flange 12 has an inner diameter ID. The 
height H of the tower 14 is shown as being measured from the surface of the flange 12 
opposite the side of the flange from which the tower extends. OD is the outer diameter of the 
tower 14. The OD high point 20 is the location of the region on the outer surface of the 
tower 14 at the outer diameter OD that is furthest from the flange 12. The outer diameter 
height ODH is the distance of the OD high point 20 from the surface of the flange 12 from 
which the tower 14 extends. 

Figure 3 is an illustration of a disk drive head suspension 22 that includes a baseplate 
10, load beam 24 and flexure 26. The invention can be used in connection with any suitable 
conventional or otherwise known load beam 24 and flexure 26. Load beams 24 and flexures 
26 are well known. Load beams such as 24 can be manufactured from stainless steel using 
etching and forming processes, and typically include a mounting region 28 on a distal end, a 
radius or spring region 30 and a beam or rigid region 32. Rails 34 can be formed in the side 
of the rigid region 32. The flexure 26, which can be an integrated lead or wireless flexure, is 
moimted to the distal end of the load beam 24 in the illustrated embodiment. In other 
embodiments (not shown), the flexure is formed as an integral element in the distal end of 
the load beam. The baseplate 10 is attached to a mounting region 28 of the load beam, 
typically by welds 40. 

Figure 3 also shows an actuator arm 42 to which the suspension 22 can be attached. 
Arms such as 42 are well known. By way of example, arm 42 can be the arm portion of an 
E-block or C-block, or a separate arm element stamped or otherwise formed from aluminum, 
stainless steel or other materials. As shown, the arm 42 includes a hole 44 into which the 
boss tower 14 of suspension 22 is inserted and swaged. 
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Figure 4 is a detailed cross sectional illustration of a baseplate 10 in accordance with 
the present invention after it has been swaged to actuator arm 42. The actuator arm 42 has an 
arm thickness AT and a neutral axis NA. If the thickness of the arm 42 in the region where it 
is mounted to the suspension 22 is constant and of homogeneous material, the neutral axis 
NA will generally be near the center of the arm. However, in other embodiments the arm 42 
is constructed from layers of different materials. These and other arm constructions can have 
a neutral axis that is spaced from the center of arm thickness AT. The thickness AT of 
conventional arms 42 can range between 0.78 and 1.44 mm. However, it is anticipated that 
the thickness of arms 42 will decrease with continuing developments in arm, baseplate and 
suspension technology. 

Baseplate 10 in accordance with the present invention has an OD high point 20 that is 
located within about ±6% of the actuator arm thickness AT from the neutral axis NA of the 
arm 42 when the suspension 22 is swaged to the arm. By way of example, for arms 42 
having thicknesses AT of 0.78 mm and 1.44 mm, baseplates 10 in accordance with the 
present invention will have outer diameter heights OHD of between about 0.343 mm and 
0.437 mm (i.e., 0.39 ±0.047 mm) and 0.634 mm and 0.806 mm (i.e., 0.72 ±0.086 mm), 
respectively. In a preferred embodiment of the invention, the baseplate 10 has an OD high 
point 20 that is located within about ±4% of the arm thickness AT from the neutral axis NA 
of the arm 42 when the suspension 22 is swaged to the arm. By way of example, for arms 42 
having thicknesses AT of 0.78 mm and 1.44 mm, baseplates 10 in accordance with the 
present invention will have outer diameter heights OHD of between about 0.359 mm and 
0.421 mm (i.e., 0.39 ±0.031 mm) and 0.662 mm and 0.778 mm (i.e., 0.72 ±0.058 mm), 
respectively. In a most preferred embodiment of the invention, the baseplate 10 has an OD 
high point 20 that is located within about ±2% of the arm thickness AT from the neutral axis 
NA of the arm 42 when the suspension 22 is swaged to the arm. By way of example, for 
arms 42 having thicknesses AT of 0.78 mm and 1.44 mm, baseplates 10 in accordance with 
the present invention will have outer diameter heights OHD of between about 0.374 mm and 
0.406 mm (i.e., 0.39 ±0.016 mm) and 0.691 mm and 0.749 mm (i.e., 0.72 ±0.029 mm), 
respectively. 
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Baseplates 10, or baseplates in combination with arms 42, when constructed in 
accordance with the present invention, offer significant improvements. Locating the OD 
high point OD near the neutral axis NA of the arm 42 has been found to significantly reduce 
the amount of arm deformation that occurs when the baseplate 10 is swaged to the arm. This 
reduced arm deformation results in significantly lower amounts of swaging-induced gram 
change. Finite element analysis has demonstrated gram change reductions in the range of 
50% to 100%. Suspension resonance performance will benefit. The amount of z-height 
changes induced into the arm 42 by swaging can also be reduced. These benefits are 
especially pronounced in baseplate 10 and arm 42 combinations having only one suspension 
22 mounted to the arm. The invention can also be used in connection with baseplates that are 
swaged in either the tension or compression direction. The baseplate can also be mounted to 
either side of the load beam 24. Furthermore, although described as a separate component 
that is attached to a load beam, an attachment structure having a boss tower in accordance 
with the invention could be integrally formed on the distal mounting region of the load beam 
itself 

Although the present invention has been described with reference to preferred 
embodiments, those skilled in the art will recognize that changes can be made in form and 
detail without departing from the spirit and scope of the invention. In particular, although 
described in connection with a one-piece baseplate, the invention can also be incorporated 
into multi-piece baseplates. 
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